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DESCRIPTION 

TEST SYSTEM FOR OPTICAL LINE WHICH 
CARRIES OUT FAULT SEARCH FOR OPTICAL 
LINE FROM USER OPTICAL TERMINAL SIDE 

Technical Field 
-The present invention relates to a test system for 
an optical line, and in particular, to a test system 
for an optical line which carries out a fault search 
for an optical line, which is connected with an optical 
fiber carrying out data transmission from a transmis- 
sion apparatus at a center station side via an optical 
divider such as a passive optical network (PON) up to 
a user optical terminal, from the user optical terminal 
side . 

Background Art 
Conventionally, as a fault searching system for 
an optical line passing through a PON as described 
above, a system has been known in which a place where 
a fault in the optical line arises is specified from 
the side of the center station by using an optical 
time domain ref lectometer (OTDR) as an optical pulse 
tester which generates test light with a wavelength 
of 1.65 jam, as disclosed in Non-Patent Document 
(Noriyuki Araki and four others. Tests for 
Improving Reliability in Trunk Line, online, June 
1999, searched on June 30^^, 2003, Internet 
<http: //www.accs .or. jp/report/4 05section.htm>) . 
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In this system, in order not to influence original 
transmission signal light, optical filters cutting off 
only test light are inserted into both ends of the 
optical line. 

5 Further, in the same way as in this system, as 

a fault searching system for an optical line using 
an OTDR, a system in which a place where a fault in 
the optical line arises is specified from the side of 
the center station as disclosed in Patent Document (USP 

10 No. 5,177,354) has been known. 

However, because both of these fault searching 
systems for an optical line are techniques in which 
a place where a fault in the optical line arises is 
specified from the side of a center station which a 

15 communication carrier side providing an optical fiber 

has, in principle, it is extremely difficult to specify 
a place where a fault in the optical line arises from 
a user optical terminal side. 

On the other hand, in Fiber to the Home (FTTH), 

20 because a mechanical splicing method is used for 

connecting between optical fibers at a user optical 

terminal and the front and rear of an optical divider 

from the standpoint of reducing the cost of laying 

an optical fiber, there is the problem that the bond 

25 strength between the optical fibers is weaker as 

» 

compared with the case in which the optical fibers are 
connected by fusion splicing. 



Therefore, in FTTH, there is a high possibility 
of a fault arising in an optical fiber laid between 
the inside of a user optical terminal and an optical 
divider. 

Accordingly, in future, when demand for FTTH 
increases, there is a possibility that it will be 
impossible for only the fault searching system for 
an optical line, as described above, which carries out 
a test from a center station which a communication 
carrier side has, to cope with a communication fault 
which is brought about by a fault predicted to arise 
between the inside of a user optical terminal and 
an optical divider. 

Therefore, among communication carriers using 
optical fibers, a demand for realizing a fault 
searching system for an optical line using a technique 
capable of promptly specifying the place where the 
fault has arisen when a fault in an optical fiber 
arises between the inside of a user optical terminal 
and an optical divider has been mounting. 

Disclosure of Invention 

An object of the present invention is to provide 
a fault searching system for an optical line which can 
rapidly detect a fault in an optical fiber laid as 
an optical line from a user optical terminal up to 
an optical divider, without affecting other user 
optical terminals and transmission apparatuses, from 



the user optical terminal side. 

The gist of the present invention is to be capable 
of rapidly searching for a fault in an optical fiber 
laid as an optical line from a user optical terminal up 
5 to an optical divider, without affecting other user 

optical terminals and transmission apparatuses, from 
the user optical terminal side by connecting an OTDR 
being to a terminal portion of the optical line in the 
user optical terminal, and by using at least one of 

10 those in which a value of a wavelength used in the OTDR 

connected is set to a value different from a value of 
a wavelength used for data transmission in the optical 
line, and a peak level of an optical pulse is set to 
a predetermined level or less. 

15 Note that the user optical terminal described in 

the present specification may be called an optical 
network terminating apparatus such as an optical 
network unit (ONU) . 

Then, the gist of the present invention as 

20 described above can be concretely realized by using 

the following aspects. 

According to a first aspect of the present 
invention, there is provided a fault searching method 
for an optical line which searches for a fault in an 

25 optical line connected with an optical fiber carrying 

out data transmission between from a transmission 
apparatus at a center station side via an optical 



divider (PON) up to a user optical terminal comprising: 
preparing an OTDR which carries out a test for the 
optical fiber of backward scattering light or return 
light from the optical fiber by making test light be 
5 incident into the optical fiber; detaching a terminal 

portion of the optical line at an inside of the user 
optical terminal from the inside of the user optical 
terminal, and connecting the OTDR to the terminal 
portion of the optical line; making at least one of 

10 test light with a wavelength different from a 

wavelength of light used for data transmission in the 
optical line, and test light whose peak level is less 
than or equal to a predetermined level be incident upon 
the terminal portion of the optical line from the OTDR; 

15 and searching for a fault in the optical line from the 

user optical terminal side by detecting backward 
scattering light or return light from the optical line 
which is obtained based on the incidence of the test 
light by the OTDR. 

20 In accordance with the first aspect, in the 

process of connecting the OTDR, the terminal portion 
of the optical line at the inside of the user optical 
terminal is detached from the inside of the user 
optical terminal, and the OTDR is connected to the 

25 terminal portion of the optical line, and in the 

process of making the test light be incident, at least 
one of the test light with a wavelength different from 



the wavelength of the light used for data transmission 
in the optical line, and the test light whose peak 
level is less than or equal to a predetermined level is 
made to be incident upon the terminal portion of the 
optical line from the OTDR, and in the process of 
searching for a fault in the optical line, a fault in 
the optical line is searched from the user optical 
terminal side by detecting a backward scattering light 
or a return light from the optical line which is 
obtained based on the incidence of the test light by 
the OTDR, and therefore, a fault in the optical fiber 
laid as the optical line between from each user optical 
terminal up to the optical divider can be rapidly 
searched for from the user optical terminal side 
without influencing the other user optical terminals 
and the transmission apparatus at the center station 
side • 

According to a second aspect of the present 
invention, there is provided a fault searching method 
for an optical line^ according to the first aspect, 
wherein the wavelength of the test light is a wave- 
length different from the wavelength of the light used 
for da-^ta transmission in the optical line, and is a 
wavelength different from a wavelength used for a test 
for the optical line from the center station side. 

In accordance with the second aspect, an effect 
which is the same as in the first aspect described 



above can be achieved except for that the wavelength 
of the test light is a wavelength different from the 
wavelength of the light used for data transmission in 
the optical line, and is a wavelength different from 
a wavelength used for a test for the optical line from 
the center station side. 

According to a third aspect of the present 
invention, there is provided a fault searching method 
for an optical line, according the second aspect, 
wherein the wavelength of the test light is a value 
included in one of ranges being greater than or equal 
to 0.3 nm and less than 1*3 (im, or greater than 1.65 |am 
and less than or equal to 2.0 }am. 

In accordance with the third aspect, an effect 
which is the same as in the first aspect described 
above can be achieved except that the wavelength of the 
test light is specified, as a wavelength different from 
the wavelength of the light used for data transmission 
in the optical line, and a wavelength different from 
a wavelength used for a test for the optical line from 
the center station side, to be a value included in one 
of ranges being greater than or equal to 0-3 |Lim and 
less than 1.3 |xm, or greater than 1.65 \m and less than 
or equal to 2.0 \xm. 

In this case, the OTDR may be an OTDR equipped 
with a variable or a plurality of wavelength light 
sources which selectively generate test light having 
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a wavelength greater than or equal to 0.3 |im and less 
than 1,3 |am which is different from the wavelength of 
the light used for data transmission in the optical 
line in accordance with setting by the user, or a 
single light source which generates only test light 
having one wavelength thereamong. 

Moreover, the OTDR may be may be an OTDR equipped 
with a variable or a plurality of wavelength light 
sources which selectively generate test light with a 
wavelength which is greater than or equal to 0.3 |j.m and 
less than 1.3 |am, or which is greater than 1.65 pin and 
less than or equal to 2.0 |im, which is different from 
the wavelength of the light used for data transmission 
in the optical line and which is different from the 
wavelength used for a test for an optical line from the 
side of the center station in accordance with setting 
by the user, or a single light source which generates 
only test light having one wavelength thereamong. 

According to a fourth aspect of the present 
invention, there is provided a fault searching method 
for an optical line, according to the third aspect, 
wherein the wavelength of the test light is a value 
approximately 0.6 |am . 

In accordance with the fourth aspect, an effect 
which is the same as in the third aspect described 
above can be achie.ved except for that the wavelength of 
the test light is specified to be a value approximately 



0 . 6 jxm. 

Then, when test light with a wavelength approxi- 
mately 0.6 jLim is used, because the optical fiber 
connected as the optical line has a large backward 
scattering coefficient in the wavelength range 
approximately 0.6 jam, as a result, because the level of 
the signal which includes backward scattering light or 
return light from the optical fiber, and which is made 
to be incident into the OTDR, is made high, a fault 
search with respect to the optical line in the shortest 
dead zone is made possible. 

Further, when test light with a wavelength 
approximately 0.6 ^im is used, because the light 
receiving sensitivity with respect to the photodetector 
used in the transmission apparatus or the like at the 
center station side using the data transmission light 
with wavelengths of 1.31 ^im and 1.55 fim is reduced by 
10 dB or more, the influence upon the transmission 
apparatus or the like at the center station side can be 
reduced. 

According to a fifth aspect of the present 
invention, there is provided a fault searching method 
for an optical line, according to the fourth aspect, 
wherein, when the wavelength of the test light is 
approximately 0.6 jim, an Si photodetector which 
indicates light receiving sensitivity in the wavelength 
band approximately 0.6 |im, and which hardly indicates 
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light receiving sensitivity with respect to data 
transmission light with wavelengths of 1.31 jim and 
1.55 |j,m which are used for data transmission is used as 
a light receiver of the OTDR. 
5 In accordance with the fifth aspect, an effect 

which is the same as in the fourth aspect described 
above can be achieved except for that, when the 
wavelength of the test light is approximately 0.6 |i.m, 
an Si photodetector which indicates light receiving 

10 sensitivity in the wavelength band approximately 

0.6 \m, and which hardly indicates light receiving 
sensitivity with respect to the data transmission light 
with wavelengths of 1.31 |im and 1.55 |xm which are used 
for data transmission is used as a light receiver of 

15 the OTDR. 

Then, due to the Si photodetector having such a 
characteristic being used as a light receiver of the 
OTDR, because the light receiver of the OTDR hardly 
indicates light receiving sensitivity with respect to 

20 the data transmission light with wavelengths of 1.31 |m 

and 1.55 ^m which are used for data transmission, the 
influence of data transmission light upon the test 
light can be removed. 

According to a sixth aspect of the present 

25 invention, there is provided a fault searching method 

for an optical line, according to the first aspect, 
wherein the test light whose peak level is less than or 



equal to the predetermined level is set such that the 
peak level is made to be -40 dBm through -50 dBm or 
less as a signal level of the test light at other user 
optical terminals or a light receiving portion of the 
transmission apparatus at the center side. 

In accordance with the sixth aspect, an effect 
which is the same as in the first aspect described 
above can be achieved except that, from the standpoint 
of not influencing the other user optical terminals 
or the transmission apparatus at the center station 
side other than the user optical terminal to which the 
OTDR is connected, the test light is a test light set 
such that the peak level of the test light is made to 
be -40 dBm through -50 dBm or less as a signal level of 
the test light at the other user optical terminals or 
the light receiving portion of the transmission 
apparatus at the center station side. 

Then, in this way, when the peak level of an 
optical pulse which will be a test light is set so as 
to be suppressed to the predetermined level (-40 dBm 
through -50 dBm) or less, the wavelength of the test 
light can be set at an arbitrary value regardless of 
a value included in one of the ranges being greater 
than or equal to 0.3 jam and less than 1.3 |am, and 
greater than 1.65 |Lim and less than or equal to 2.0 |Lim 
which was described above. 

According to a seventh aspect of the present 
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invention, there is provided a fault searching system 
for an optical line which searches a fault in an 
optical line connected with an optical fiber carrying 
out data transmission between from a transmission 
5 apparatus at a center station side via an optical 

divider (passive optical network [PON]) up to a user 
optical terminal comprising: an optical pulse tester 
(Optical Time Domain Ref lectometer : OTDR) which carries 
out a test for the. optical fiber based on a backward 

10 scattering light or a return light from the optical 

fiber by making a test light be incident into the 
optical fiber; means for detaching a terminal portion 
of the optical line at an inside of the user optical 
terminal from the inside of the user optical terminal, 

15 and for connecting the OTDR to the terminal portion 

of the optical line; means for making at least one of 
a test light with a wavelength different from 
a wavelength of a light used for data transmission in 
the optical line, and a test light whose peak level is 

20 less than or equal to a predetermined level be incident 

upon the terminal portion of the optical line from the 
OTDR; and means for searching a fault in the optical 
line from the user optical terminal side by detecting 
a backward scattering light or a return light from the 

25 optical line which is obtained based on the incidence 

of the test light by the OTDR. 

In accordance with the seventh aspect, in the 
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means for connecting the OTDR, the terminal portion of 
the optical line at the inside of the user optical 
terminal is detached from the inside of the user 
optical terminal, and the OTDR is connected to the 
5 terminal portion of the optical line, and in the means 

for making the test light be incident, at least one of 
the test light with a wavelength different from the 
wavelength of the light used for data transmission in 
the optical line, and the test light whose peak level 

10 is less than or equal to the predetermined level is 

made to be incident upon the terminal portion of the 
optical line from the OTDR, and in the means for 
searching a fault in the optical line, a fault in the 
optical line is searched from the user optical terminal 

15 side by detecting a backward scattering light or a . 

return light from the optical line which is obtained 
based on the incidence of the test light by the OTDR, 
and therefore, a fault in the optical fiber laid as the 
optical line between from each user optical terminal up 

20 to the optical divider can be rapidly searched from the 

user optical terminal side without influencing the 
other user optical terminals and the transmission 
apparatus at the center station side. 

According to an eighth aspect of the present 

25 invention, there is provided a fault searching 

system for an optical line, according to the seventh 
aspect, wherein the wavelength of the test light is 
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a wavelength different from the wavelength of the light 
used for data transmission in the optical line, and is 
a wavelength different from a wavelength used for a 
test for the optical line from the center station side. 
5 In accordance with the eighth aspect, an effect 

which is the same as in the seventh aspect described 
above can be achieved except for that the wavelength 
of the test light is a wavelength different from the 
wavelength of the light used for data transmission in 

10 the optical line, and is a wavelength different from 

a wavelength used for a test for the optical line from 
the center station side. 

According to a ninth aspect of the present 
invention, there is provided a fault searching system 

15 for an optical line, according to the eighth aspect, 

wherein the wavelength of the test light is a value 
included in one of ranges being greater than or equal 
to 0.3 |im and less than 1.3 |iim, or greater than 1.65 |nm 
and less than or equal to 2.0 ^im. 

20 In accordance with the ninth aspect, an effect 

which is the same as in the seventh aspect described 
above can be achieved except for that, in order for 
the wavelength of the test light to be a wavelength 
different from the wavelength of the light used for 

25 data transmission in the optical line, and is a 

wavelength different from a wavelength used for a test 
for the optical line from the center station side. 
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it is specified to be a value included in one of the 
ranges being greater than or equal to 0.3 |im and less 
than 1.3 fim, and greater than 1.65 ]xm and less than or 
equal to 2.0 jam. 
5 In this case, the OTDR may be an OTDR equipped 

with a variable or a plurality of wavelength light 
sources which selectively generate a test light having 
a wavelength greater than or equal to 0.3 fxm and less 
than 1.3 |im which is different from the wavelength of 

10 the light used for data transmission in the optical 

line in accordance with setting by the user, or a 
single light source which generates .only a test light 
having one wavelength thereamong. 

Moreover, the OTDR may be an OTDR equipped with 

15 a variable or a plurality of wavelength light sources 

which selectively generate a test light with a 
wavelength which is greater than or equal to 0.3 jam and 
less than 1.3 jxm, or which is greater than 1.65 ^m and 
less than or equal to 2.0 ^.m which is different from 

20 the wavelength of the light used for data transmission 

in the optical line and which is different from the 
wavelength used for a test for an optical line from the 
side of the center station in accordance with setting 
by the user, or a single light source which generates 

25 only a test light having one wavelength thereamong. 

According to a tenth aspect of the present 
invention, there is provided a fault searching system 
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for an optical line, according to the ninth aspect, 
wherein the wavelength of the test light is a value 
approximately 0.6 |ain. 

In accordance with the tenth aspect, an effect 
5 which is the same as in the ninth aspect described 

above can be achieved except for that the wavelength of 
the test light is specified to be a value approximately 
0.6 fxm . 

Then, in the fault searching system for an optical 
10 line using the test light with a wavelength of a value 

approximately 0.6 jxm, because the optical fiber 
connected as the optical line has a large backward 
scattering coefficient in the wavelength range approxi- 
mately 0.6 (im, as a result, because the level of the 
15 signal which includes a backward scattering light or 

a return light from the optical fiber, and which is 
made to be incident into the OTDR is made high, a fault 
search with respect to the optical line in the shortest 
dead zone is made to be possible, 
20 Further, in the fault searching system for 

an optical line using the test light with a wavelength 
of a value approximately 0.6 |am, because the light 

r 

receiving sensitivity with respect to the photodetector 
used in the transmission apparatus or the like at the 
25 center station side using the data transmission lights 

with wavelengths of 1.31 jxm and 1.55 ^im is reduced by 
10 dB or more, the influence upon the transmission 
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apparatus or the like at the center station side can be 
reduced. 

According to an eleventh aspect of the present 
invention, there is provided a fault searching system 
for an optical line, according to the tenth aspect, 
wherein, when the wavelength of the test light is 
the value approximately 0.6 |Lim, an Si photodetector 
which indicates light receiving sensitivity in the 
wavelength band approximately 0.6 jam, and which hardly 
indicate light receiving sensitivity with respect to 
data transmission lights with wavelengths of 1.31 |Lim 
and 1.55 |j,m which are used for data transmission is 
used as a light receiver of the OTDR. 

In accordance with the eleventh aspect, an effect 
which is the same as in the tenth aspect described 
above can be achieved except for that, when the 
wavelength of the test light is a value approximately 
0.6 |am, an Si photodetector which indicates light 
receiving sensitivity in the wavelength band 
approximately 0.6 ^m, and which hardly indicate light 
receiving sensitivity with respect to the data 
transmission lights with wavelengths of 1.31 \xm and 
1.55 i-im which are used for data transmission is used as 
a light receiver of the OTDR. 

Then, in the fault searching system for an optical 
line using the Si photodetector having such a 
characteristic as a light receiver of the OTDR, because 
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the light receiver of the OTDR hardly indicate light 
receiving sensitivity with respect to the data 
transmission lights with wavelengths of 1.31 |Jin and 
1.55 ^im which are used for data transmission, the 
influence of data transmission lights upon the test 
light can be removed. 

According to a twelfth aspect of the present 
invention, there is provided a fault searching system 
for an optical line, according to the seventh aspect, 
wherein the test light whose peak level is less than o 
equal to the predetermined level is set such that the 
peak level is made to be -40 dBm through -50 dBm or 
less as a signal level of the test light at other user 
optical terminals or a light receiving portion of the 
transmission apparatus at the center side. 

In accordance with the twelfth aspect, an effect 
which is the same as in the seventh aspect described 
above can be achieved except for that, from the 
standpoint of not influencing the other user optical 
terminals or the transmission apparatus at the center 
station side other than the user optical terminal to 
which the OTDR is connected, the test light is a test 
light set such that the peak level of the test light i 
made to be -40 dBm through -50 dBm or less as a signal 
level of the test light at the other user optical 
terminals or the light receiving portion of the 
transmission apparatus at the center station side. 



Then, in this way, when the peak level of an 
optical pulse which will be a test light is set so as 
to be suppressed to the predetermined level (-40 dBm 
through -50 dBm) or less, the wavelength of the test 
light can be set at an arbitrary value regardless of 
a value included in one of the ranges of being greater 
than or equal to 0.3 ^m and less than 1.3 jim, and being 
greater than 1.65 |am and less than or equal to 2.0 )am. 
Brief Description of Drawings 

FIG. 1 is a typical diagram shown for explanation 
of one example of an FTTH 1 which is an applicable 
subject serving as one embodiment of a fault searching 
system for an optical line according to the invention; 

FIG. 2 is a typical diagram shown for explanation 
of one example of a user optical terminal which is 
an applicable subject serving as one embodiment of the 
fault searching system for an optical line according to 
the invention; 

FIG. 3 is a functional block diagram shown for 
explanation of a configuration of an OTDR used for one 
embodiment of the fault searching system for an optical 
line according to the invention; 

FIG. 4 is a flowchart shown for explanation of 
operations of one embodiment and other embodiments 
of the fault searching system for an optical line 
according to the invention; 

FIG. 5 is a characteristic diagram shown for 
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explanation of light receiving sensitivity of a 
photodetector used for a light receiver of the OTDR 
used in one embodiment of the fault searching system 
for an optical line according to the invention; and 
5 FIG. 6 is a characteristic diagram shown for 

explanation of light-receiving sensitivity of a 
photodetector used for an FTTH 1 network which is an 
applicable subject serving as one embodiment of the 
fault searching syistem for an optical line according to 

10 the invention. 

Best Mode for Carrying Out the Invention 
Hereinafter, one embodiment of a fault searching 
system for an optical line according to the invention 
will be described with reference to the drawings. 

15 FIG. 1 is a typical diagram shown for explanation 

of one example of an FTTH 1 which is an applicable 
subject serving as one embodiment of the fault 
searching system for an optical line according to 
the invention. 

20 The applicable subject serving as one embodiment 

of the fault searching system for an optical line 
according to the invention is the FTTH 1 in accordance 
with a PON system as shown in FIG. 1. 

The FTTH 1 is constituted of a center station 3 

25 located at a communication carrier side and a first 

optical divider 4 which are connected to one another 
with an optical fiber 2, eight second optical dividers 



51, 52, and 58 which are connected to the first 

optical divider 4, and a total of 32 user optical 
terminals which are connected by every four of those to 
each of the respective second optical dividers 51, 52, 
and 58. 

Note that, in FIG. 1, from the standpoint of 
making an attempt to simplify the explanation, 
illustrations of the user optical terminals other than 
user optical terminals 617, 618, 619, and 620 connected 
to the second optical divider 55 which is the fifth 
from the top are omitted. 

In this FTTH 1, as a light signal in the up 
direction, a light with a wavelength of 1.31 |am is 
used, and as a light signal in the down direction, 
a light with a wavelength of 1.55 |im is used. 

Here, the up direction means a direction from 
the respective user optical terminals 617, 618, 619, 
and 620 toward the center station 3. 

On the other hand, the down direction means 
a direction from the center station 3 toward the 
respective user optical terminals 617, 618, 619, 
and 620. 

The center station 3 outputs a light signal with 
a wavelength of 1.55 {im in the down direction to the 
first optical divider 4, and receives a light signal 
with a wavelength of 1.31 jxm in the up direction 
outputted from the first optical divider 4. 
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The first optical divider 4 receives the light 
signal with a wavelength of 1,55 |im transmitted from 
the center station 3, and divides the received light 
signal, and outputs those to the respective second 
optical dividers 51, 52, and 58. 

Further, the first optical divider 4 receives the 
light signals with the wavelengths of 1.31 ^m outputted 
from the respective second optical dividers 51, 52, 
and 58, and outputs the received light signals with the 
wavelength of 1.31 \im to the center station 3. 

The respective second optical dividers 51, 52, 
and 58 are installed in the vicinities of respective 
users' homes, for example, at electric poles or the 
like, and divide the light signal with a wavelength of 
1.55 jxm outputted from the first optical divider 4 off 
fours, and output those to the respective user optical 
terminals 617, 618, 619, and 620 provided to the 
respective user sides. 

Further, these second optical dividers 51, 52, 
and 58 receive the light signals with the wavelength of 
1.31 \m outputted from the respective user optical 
terminals 617, 618, 619, and 620, and output the 
received light signals with the wavelength of 1.31 jim 
to the first optical divider 4. 

In this case, a total of 32 respective user 
optical terminals are respectively installed in the 
respective users' homes, and receive the light signals 
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with the wavelength of 1.55 |am outputted from the 
respective second optical dividers 51, 52, *••, and 58, 
and photoelectrically convert the received light 
signals, and output digital signals which are obtained 
5 as a result of the photoelectric conversion to 

unillustrated computers (PCs) of the respective users. 

Further, the respective user optical terminals 
convert the digital signals transmitted from the 
unillustrated computers (PCs) of the respective 

10 users into light signals with the wavelength of 

1.31 jam, and output the output light signals with the 
wavelength of 1.31 jam to the second optical dividers 
51, 52,- and 58 . 

FIG. 2 is a typical diagram shown for explanation 

15 of one example of a user optical terminal which is 

an applicable subject serving as one embodiment of the 
fault searching system for an optical line according to 
the invention. 

A total of the 32 respective user optical 

20 terminals which are the applicable subjects serving as 

one embodiment of the fault searching system for an 
optical line according to the invention respectively 
insert optical fibers 2 connected to the second optical 
dividers 51, 52, and 58 into the insides thereof 

25 every fours. 

Note that, in the following explanations, from 
the standpoint of making an attempt to simplify the 



explanations, only the user optical terminal 617 will 
be described. However, it goes without saying that 
the other user optical terminals have the same 
configurations. 

The user optical terminal 617 is constituted of a 
substantially rectangular parallelepiped housing 617A, 
the optical fiber 2 whose base end portion is connected 
to the second optical divider 55, a mechanical splice 
617B, a connector 617C connected to a terminal portion 
of the optical fiber 2, an light transmitting and 
receiving unit 617D, and an interface circuit 617E. 

Here, the housing 617A is for housing the light 
transmitting and receiving unit 617D and the interface 
circuit 617E in the inside thereof, and for housing the 
optical fiber 2 so as to be wound round. 

The base end portion of the optical fiber 2 is 
connected to the second optical divider 55 of FIG. 1, 
and the terminal portion thereof is housed so as to be 
wound round at the inside of the housing 617A. 

The mechanical splice 617B is a member for 
connecting so as to mechanically put respective end 
portions of the two optical fibers at the inside of 
the housing 617A of the user optical terminal 617 
therebetween . 

The connector 617C is connected to the terminal 
portion of the optical fiber 2 at the inside of the 
user optical terminal 617, and is connected to the 
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light transmitting and receiving unit 617D. 

An unillustrated filter for eliminating a light 
with a wavelength of 1.65 jam used at the time of 
a transmission test for the optical fiber 2 which is 
5 executed from the side of the center station 3 is built 

into the connector 617C. 

The light transmitting and receiving unit 617D 
is connected to the connector 617C connected to the 
terminal portion of the optical fiber 2, and converts 
10 a light which has propagated inside the optical fiber 2 

into a digital signal, and outputs the converted 
digital signal to an unillustrated computer (PC) of 
a user via the interface circuit 617E, 

Further, the light transmitting and receiving 
15 unit 617D converts a data signal transmitted from the 

external unillustrated computer (PC) of the user via 
the interface circuit 617E into a light signal, and 
outputs the converted light signal to the second 
optical divider 55 of FIG. 1 via the connector 617C and 
20 the optical fiber 2. 

The interface circuit 617E outputs the digital 
signal outputted from the light transmitting and 
receiving unit 617D to the unillustrated personal 
computer (PC) at the user side connected via an 
25 unillustrated LAN. 

Further, the interface circuit 617E outputs 
the data signal outputted from the unillustrated 
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personal computer (PC) at the user side to the light 
transmitting and receiving unit 617D. 

Note that an OTDR 7 of FIG. 3 which will be 
described later and which is used in the embodiment 
of the fault searching system for an optical line 
according to the invention is connected to the 
connector 617C which has been detached from the light 
transmitting and receiving unit 617D as shown by broken 
lines in the drawing. 

FIG. 3 is a functional block diagram shown for 
explanation of a configuration of the OTDR 7 used for 
the embodiment of the fault searching system for 
an optical line according to the invention. 

This OTDR 7 is constituted of an operating unit 
71, a timing generator 72 connected to the operating 
unit 71, a light source 73 connected to the timing 
generator 72, an optical coupler 74 connected to the 
light source 73, a light receiver 75 connected to the 
optical coupler 74, an amplifier 76 connected to the 
light receiver 75, an analog/digital (A/D) converter 77 
connected to the amplifier 76, a processing unit 78 
connected to the A/D converter 77 and the timing 
generator 72, and a display unit 79 connected to the 
processing unit 78. 

Here, at the operating unit 71, a wavelength of an 
optical pulse emitted from the light source 73 is set 
at a desired value by an operation of an operator, and 
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data of a repeating period thereof is inputted thereto. 

Note that, in the OTDR 7 according to the present 
embodiment, the operating unit 71 has a function in 
which a wavelength and a pulse width of an optical 
5 pulse emitted from the light source 73 is set at a 

desired value by an operation of an operator, and data 
for setting a repeating period thereof to a desired 
value is inputted thereto. 

However, it is not limited thereto, the operating 
10 unit 71 may have a function such that data for setting 

a peak level of an optical pulse emitted from the light 
source 73 so as to be suppressed to a predetermined 
level or less is inputted by an operation of an 
operator . 

15 Further, the timing generator 72 transmits a 

timing signal to the light source 73 such that an 
optical pulse having a predetermined wavelength and 
a pulse width is generated at a predetermined repeating 
period from the light source 7 3 based on the data 

20 for setting which has been inputted from the operating 

unit 71. 

For example, the light source 73 formed from 
a laser diode generates an optical pulse having 
a wavelength and a pulse width corresponding to the 
25 inputted data for setting the wavelength and pulse 

width, at a repeating period corresponding to the 
inputted data for setting the repeating period, and 
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outputs it as a test light to one end of the optical 
fiber 2 via the optical coupler 74. 

The wavelength of the optical pulse serving as 
a test light is set at a value different from the 
wavelength of a transmission light used in the actual 
optical communication system^ for example, 0.6 mn. 

Note that, in the present embodiment, the 
wavelength of the optical pulse serving as a test light 
outputted from the light source 73 is set at 0.6 |im. 
However, it is not limited thereto. 

Namely, the wavelength of the optical pulse 
serving as a test light outputted from the light source 
7 3 may be a value greater than 1.31 |im, for example, 
1.45 ^m . 

In this case, it is configured such that a filter 
for eliminating an optical pulse with a wavelength of 
1.45 |im is separately provided in the center station 
3 which the communication carrier has which was 
described above. 

The optical pulse serving as a test light incident 
upon the optical fiber 2 which is a measuring subject 
is made to propagate toward the second optical divider 
55 at the inside of the optical fiber 2. 

In the process of propagating the optical pulse 
serving as a test light, a backward scattering light or 
a return light which is caused by backward scattering 
or Fresnel reflection, and whose progressing direction 
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is a reverse direction to the optical pulse serving as 
a test light is generated at the inside of the optical 
fiber 2. 

The backward scattering light or the return light 
5 propagates inside the optical fiber 2, and is made to 

be incident into the OTDR 7 from the one end of the 
optical fiber 2. 

The optical coupler 74 in the OTDR 7 outputs the 
backward scattering light or the return light made to 
10 be incident into the OTDR 7 to the light receiver 75. 

The light receiver 75 receives the backward 
scattering light or return light which has been 
returned from the optical fiber 2, and converts the 
received backward scattering light or return light 
15 into electric signal, and outputs the converted 

electric signal to the amplifier 76. 

Note that, as a photodetector used in the light 
receiver 75 of the OTDR 7 according to the present 
embodiment, when an optical pulse with a wavelength of 
20 0,6 Jim (0.63 |Lim or 0.65 fim as well is available) is 

used as a test light, for example, as shown in FIG. 5, 
it is assumed that an Si-PIN photodiode which is an Si 
photodetector indicating satisfactory light receiving 
sensitivity in a wavelength band which is approximately 
25 0.6 [xm (about 0.4 jim through about 0.95 \im) , or the 

like is used. 

Because the light receiver 75 using the 
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photodetector having such a characteristic hardly 
indicate light receiving sensitivity with respect to 
the data transmission lights with the wavelengths of 
1.31 |im and 1.55 jim used in the FTTH 1, there is no 
5 influence of the data transmission lights with respect 

to the test light. 

Then, the amplifier 76 amplifies the electric 
signal outputted from the light receiver 75, and 
outputs the amplified electric signal to the A/D 
10 converter 77. 

The A/D converter 77 A/D converts the electric 
signal outputted from the amplifier 16, and outputs 
the A/D converted electric signal to the processing 
unit 78. 

15 The processing unit 78 has a function in which 

after processing in which a trigger synchronized with 
a pulse inputted from the timing generator 72b is 
received, and measurement data included in the electric 
signal outputted from the A/D converter 77 are averaged 

20 is carried out, logarithmic conversion is carried out, 

and a transmission characteristic of the optical fiber 
2 with respect to a test light is calculated, and a 
function of displaying the calculated transmission 
characteristic of the optical fiber 2 on the display 

25 unit 79. 

The display unit 79 displays the transmission 
characteristic of the optical fiber 2 calculated by 
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the processing unit 78. 

Next, operations of the fault searching system of 
the optical fiber 2 using the OTDR 7 configured as 
described above will be described with reference to 
5 a flowchart showing in FIG. 4. 

FIG. 4 is the flowchart shown for explanation of 
the operations of the fault searching system for an 
optical line according to the invention. 

First, the operator detaches the connector 617C 

10 connecting the terminal portion of the optical fiber 2 

in the user optical terminal 617 and the light 
transmitting and receiving unit 617D, from the light 
transmitting and receiving unit 617D as shown by the 
broken lines in FIG. 2 (step STl) . 

15 Next, the operator connects the OTDR 7 to the 

terminal portion of the optical fiber 2 at the inside 
of the user optical terminal 617 by connecting the 
OTDR 7 to the connector 617C detached from the light 
transmitting and receiving unit 617D (step ST2) . 

20 Note that, in the present embodiment, although 

the OTDR 7 is connected to the terminal portion of 
the optical fiber 2 at the inside of the user optical 
terminal 617, it is not limited thereto. 

For example, the mechanical splice 617B connecting 

25 the optical fibers 2 at the inside of the user optical 

terminal 617 may be detached, and the OTDR 7 may be 
connected to one end a of the optical fiber 2 from 
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which the mechanical splice 617B is detached. 

Note that, in this case, the wavelength of the 
test light used in the OTDR 7 may be 1.65 (im which 
is the same as the wavelength of the test light which 
is made to be incident from the side of the center 
station 3 at the time of detecting a fault in the 
optical fiber 2. 

Namely, in this case, the reason for this is that, 
because it is configured such that the test light is 
made to be incident into the optical fiber 2 without 
using the connector 617C, there is no influence by the 
filter for eliminating a light with a wavelength of 
1.65 |am used at the time of a transmission test for the 
optical fiber 2 which is executed from the side of the 
center station 3 built-in in the connector 617C. 

Next, the operator sets the wavelength of the 
test light used in the OTDR 7 to an arbitrary value 
different from 1.31 jxm and \m 1.55 jim used for 
transmission, for example, 0.6 ^m (step ST3) . 

Note that, in the present embodiment, although the 
wavelength of the test light used in the OTDR 7 is set 
at 0.6 lom, it is not limited thereto. 

For example, the wavelength of the test light 
set in the OTDR 7 may be 0.63 |Lim or 0.65 |am, and as 
a whole, it is more preferable that it is a value 
included in one of the ranges of being greater than or 
equal to 0.3 ^m and less than 1.3 jim, and being greater 
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than 1.65 |im and less than or equal to 2.0 ^im. 

This is because from the standpoint of not 
affecting the other user optical terminals using 
transmission lights with the wavelengths of 1.31 |am and 
1.55 |im, and for avoiding the wavelength 1.65 jxm of the 
test light used at the time of detecting a fault in the 
optical fiber 2 from the side of the center station 3. 

Note that, the light source 73 equipped in the 
OTDR 7 may be a variable or a plurality of wavelength 
light sources which selectively generate a test light 
having a wavelength greater than or equal to 0.3 |xm and 
less than 1.3 |Lim which is different from the wavelength 
of the light used for data transmission in the optical 
line in accordance with setting by the user, or a 
single light source which generates only a test light 
having one wavelength thereamong. 

Further, the light source 73 equipped in the OTDR 
7 may be a variable or a plurality of wavelength light 
sources which selectively generate a test light with a 
wavelength which is greater than or equal to 0.3 [am and 
less than 1.3 jam, or which is greater than 1.65 |im and 
less than or equal to 2.0 ^im which is different from 
the wavelength of the light used for data transmission 
in the optical line and which is different from the 
wavelength used for a test for an optical line from the 
side of the center station in accordance with setting 
by the user, or a single light source which generates 
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only a test light having one wavelength thereamong. 

Note that, when the light source 73 equipped in 
the OTDR 7 is a single light source which generates 
only a test light having one wavelength of the 
5 wavelength which is greater, than or equal to 0.3 |uim and 

less than 1.3 )am, or which is a wavelength greater than 
1.65 |im and less than or equal to 2.0 |xm, naturally, 
the process of setting the wavelength of the test light 
(step ST3) can be omitted. 

10 Note that, in the present embodiment, at step ST3, 

although the wavelength of the test light set in the 
OTDR 7 is set at an arbitrary value different from 
1.3 )j.m and 1.55 |Lim used for a transmission light, for 
example, 0.6 |im, it is not limited thereto. 

15 The process of setting the wavelength of the test 

light at step ST3 may be replaced with a process of 
setting a peak level of an optical pulse which will be 
a test light so as to be suppressed to a predetermined 
level (-40 dBm through -50 dBm) or less. 

20 This is because, from the standpoint that the 

test light according to the present embodiment does 
not affect the other user optical terminals or the 
transmission apparatus at the center side in the FTTH 1 
other than the user optical terminal 617 to which the 

25 OTDR 7 is connected, it is most preferable from the 

actual empirical fact at the maintenance job site that 
the peak level of an optical pulse which will be a test 
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light the signal level of the test light at the other 
user optical terminals or the light receiving portion 
of the transmission apparatus at the center side is 
a value within a range of -40 dBm through -50 dBm or 
less . 

Then, in this way, when the peak level of an 
optical pulse which will be a test light is set so as 
to be suppressed to the predetermined level (-40 dBm 
through -50 dBm) or less, the wavelength of the test 
light can be set at an arbitrary value regardless of 
a value included in one of the ranges of being greater 
than or equal to 0.3 |am and less than 1.3 jim^ and being 
greater than 1.65 \m and less than or equal to 2.0 |Lim. 

Further, as shown by the broken lines in FIG. 4, 
a process in which the peak level of an optical 
pulse which will be a test light is set so as to be 
suppressed to the predetermined level (-4 0 dBm through 
-50 dBm) or less may be added to one of the front and 
rear of the process in which the wavelength of the 
test light is set at an arbitrary value different from 
1.31 (im and 1.55 |Lim used for a transmission lights 
(step ST3) . 

Next, the operator carries out a search for a 
fault in the optical fiber 2 due to the test light 
whose wavelength is set at, for example, 0.6 [im being 
made to be incident from the connector 617C connected 
to the terminal portion of the optical fiber 2, by 
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using the OTDR 7 (step ST4). 

In accordance with a series of the processes as 
described above, a searching test for a fault with 
respect to the optical fiber 2 from the user optical 
5 terminal 617 side is completed. 

As described above, in accordance with the present 
embodiment, because the connector 617C provided at the 
terminal portion of the optical fiber 2 in the user 
optical terminal 617 is detached from the light 

10 transmitting and receiving unit 617D, and the OTDR 7 is 

connected to the detached connector 617C, and at least 
one of the test light which has been set at a value 
different from the wavelength of the light used for 
data transmission and the test light which has been 

15 set so as to be suppressed to the predetermined level 

(-40 dBm through -50 dBm) or less is made to be 
incident into the optical fiber 2 via the connector 
617C, a fault in the optical fiber 2 laid as an optical 
line from the user optical terminal 617 up to the 

20 second optical divider 55 can be rapidly and exactly 

searched from the user optical terminal 617 side 
without affecting the other user optical terminals and 
the transmission apparatus at the side of the center 
station . 

25 Then, in the present embodiment, when an optical 

pulse with a wavelength of 0,6 ^m (even 0.63 |im or 
0.65 |am is available) is used, because the optical 
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fiber has a large backward scattering coefficient in 
this wavelength range, as a result, because the level 
of the signal which includes a backward scattering 
light or a return light from the optical fiber 2, and 
5 which is made to be incident into the OTDR 7 is made to 

be high, a fault search with respect to the optical 
fiber 2 in the shortest dead zone is made to be 
possible . 

By the way, as a photodetector used in the FTTH 1 
10 in accordance with a PON system, because data 

transmission lights with the wavelengths of 1.31 [xm and 
1.55 |im are used in the FTTH 1, for example, as shown 
in FIG. 6, an InGaAs-PIN photodiode using InGaAs 
showing satisfactory light receiving sensitivity within 
15 a wavelength band which is approximately about 1.0 ^im 

through 1.65 jim as a material, or the like is used. 

In the present embodiment, when a test light with 
a wavelength which is approximately 0.6 |am (even 
0.63 im or 0.65 |Lim is available other then 0.6 jim) is 
20 used, because the light receiving sensitivity of the 

• test light with a wavelength which is approximately 
0.6 jam with respect to the photodetector used in the 
FTTH 1 using the data transmission lights with 
wavelengths of 1.31 [xm and 1.55 |Lim is reduced by 10 dB 
25 or more as shown in FIG. 6, the influence upon the FTTH 

1 network can be reduced. 

Note that the present invention is not limited to 
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the above-described embodiment as is, and structural 
requirements can be modified and materialized within 
a range which does not deviate from the gist of the 
present invention at the practical phase, and various 
inventions can be sampled and formed due to the 
plurality of structural requirements which have been 
disclosed in the above-described embodiment being 
appropriately combined . 

For example, several structural requirements may 
be eliminated from all of the structural requirements 
shown in the embodiment, and moreover, structural 
requirements over different embodiments may be 
appropriately combined. 

As described above in detail, in accordance with 
the present embodiment, a fault searching system for 
an optical line which can rapidly search a fault in 
an optical fiber laid as an optical line from a user 
optical terminal up to an optical divider from the user 
optical terminal side can be provided. 



